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Abstract
I found that V507 Cyg, IM Eri and FY Vul are Z Cam-type dwarf novae and they showed se-
quences of standstill terminated by brightening, in contrast to fading in ordinary Z Cam stars,
followed by damping oscillation. These sequences are characteristic to IW And-type objects
(also known as anomalous Z Cam stars). New additions to the IW And-type objects suggests
that the IW And-type phenomenon is more prevalent among Z Cam stars. I suspect that the
regularity of the pattern of the IW And-type phenomenon suggests a previously unknown type
of limit-cycle oscillation, and I suggest that the standstill in these objects is somehow main-
tained in the inner part of the disk and the thermal instability starting from the outer part of the
disk terminates the standstill to complete the cycle.
Key words: accretion, accretion disks — stars: novae, cataclysmic variables — stars: dwarf novae —
stars: individual (V507 Cygni, IM Eridani, IW Andromedae, FY Vulpeculae, ST Chameleontis)
1 Introduction
Dwarf novae are a class of cataclysmic variables, which
are close binary systems composed of a white dwarf and
a red-dwarf secondary transferring matter via the Roche-
lobe overflow. In dwarf novae, thermal instability in the
disk is believed to cause repetitive outbursts. [see e.g.
Osaki (1996); for general information of cataclysmic vari-
ables and dwarf novae, see e.g. Warner (1995)].
When themass-transfer from the secondary is high, the
disk can become thermally stable (when the disk is al-
ways thermally stable, such systems are called novalike
cataclysmic variables). Z Cam stars are systems which
transiently show a thermally stable disk. Standstills in Z
Cam stars are intermediate states between outburst max-
ima and minima, and Z Cam stars spend states with ordi-
nary dwarf nova outbursts and standstills intermittently.
Z Cam stars are considered to have relatively high mass-
transfer rates and the accretion disk is considered to be
close to the thermal stability. It is generally considered
that a subtle variation in the mass-transfer rate from the
secondary causes transitions between outbursting state
and standstills (Meyer and Meyer-Hofmeister 1983) [see
also a review of dwarf nova outbursts e.g. Osaki (1996)].
There has been at least one attempt to explain stand-
stills without introducing the mass-transfer variation
(Ross and Latter 2017). This attempt has not yet been suc-
cessful to reproduce the actual Z Cam-type behavior.
On the other hand, unusual Z Cam stars were identi-
fied by the “Z CamPaign” led by Simonsen (2011). They
were IW And and V513 Cas, which occasionally showed
a very regular sequence of standstill—brightening—
damping oscillation [figure 1 for IW And; figures 1 and
2 in Simonsen (2011); also in Szkody et al. (2013)]. The
most interesting features are that (1) standstill are termi-
nated by brightening, not by fading as in “textbook” Z
Cam stars, and (2) the sequence is often very regular with
almost a constant recurrence time (∼40 d in IW And in
2009–2010 and 40–50 d in V513 Cas in 2010). Although
these objects are sometimes referred to as “anomalous Z
Cam stars” (cf. Hameury and Lasota 2014), we propose
a more specific name of “IW And-type objects (or phe-
nomenon)” after the brightest and easily pronounceable
c© 2014. Astronomical Society of Japan.
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Fig. 1. Light curve of IW And using the ASAS-SN data. The “V” marks repre-
sent upper limits. The vertical ticks represents brightening terminating stand-
stills.
prototype star.1
Another dwarf nova ST Cha was found to belong to
IW And-type objects (Simonsen et al. 2014). Although the
similarity with IWAnd-type objects was not documented,
the Kepler dwarf nova KIC 9406652 showed a similar pat-
tern of outbursts (but with smaller amplitudes) (Gies et al.
2013).
During the course of a systematic study of cataclysmic
variables using Gaia DR2 (Gaia Collaboration et al. 2018),
I noticed that variable stars V507 Cyg, IM Eri and FY Vul
belong to IW And-type stars.
2 Observations
I used All-Sky Automated Survey for Supernovae (ASAS-
SN) Sky Patrol (Shappee et al. 2014; Kochanek et al. 2017).
These observations were made by using 14cm aperture
telephoto lenses and CCD cameras equipped with V or
g filters [see Kochanek et al. (2017) for more technical de-
tails]. Observations were usually made two or three times
in one night and they were repeated with intervals of 1–5
d (the intervals were sometimes longer due to unfavor-
able conditions). Since V and g magnitudes are almost
the same in dwarf novae, I used themwithout corrections
to draw light curves.
1 The Z Cam-type nature of IW And was first recognized by Kato et al. (2003),
who incidentally recorded an entrance to a standstill following outbursts. A
rise from the standstill in the final part of the observation suggests that the
anomalous ending of a standstill was already present in 2002.
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Fig. 2. Light curve of V507 Cyg using the ASAS-SN data. Two cycles
of standstill—brightening—damping oscillation (IW And-type phenomenon)
can be seen between JD 2457950 and JD 2457080. The vertical ticks rep-
resents brightening terminating standstills.
3 Results
The resultant light curve is shown in figure 2. Although
the object spent much of time showing typical Z Cam-
type behavior with occasional standstills (first and sec-
ond panels), the object showed the IW And-type phe-
nomenon (standstill—brightening—damping oscillation)
between JD 2457950 and JD 2457080 in the third panel. IM
Eri showed the same phenomenon (figure 3). The light
curve of FY Vul is shown in figure 4.
For comparison, I provide the light curve of ST Cha
in the same scale in figure 5 since the regular nature of
the IW And-type phenomenonwas less clear in Simonsen
et al. (2014).
4 Discussion
With a new addition of members to the IW And-type ob-
jects (and clear representation of the case of ST Cha in this
paper), it has become more evident that the IW And-type
phenomenon is more prevalent among Z Cam stars than
previously thought.
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Fig. 3. Light curve of IM Eri using the ASAS-SN data. Cycles of standstill—
brightening—damping oscillation (IW And-type phenomenon) can be seen
throughout these observations. The vertical ticks represents brightening ter-
minating standstills. A dip after the third brightening (JD 2457730) was prob-
ably missed due to the gap in the observation.
Hameury and Lasota (2014) suggested that termi-
nation of standstills in the IW And-type phenomenon
(standstills terminate by brightening) can be explained by
outbursts of mass transfer with a duration of a few days.
The actual light curves of IW And-type objects, how-
ever, are very regular (as seen in figure 5 and figures in
Simonsen 2011), and it would be difficult to suppose such
a regular occurrence of “giant flares” occurring near the
secondary star surface (Hameury and Lasota 2014). The
regularity, on the other hand, would suggest a previously
unknown limit-cycle oscillation in the accretion disk [log-
ically analogous to the one proposed for the black-hole
transient V404 Cyg in Kimura et al. (2016)].
Quite recently, we found that the SU UMa-type dwarf
nova NY Ser showed standstills and that superoutbursts
started from these standstills (figure 6; vsnet-alert 22026,
223132 ; Kato et al. 2018). These standstills and super-
outbursts were phenomenologically very similar (stand-
stills were terminated by brightening). The development
of superoutbursts during standstills provides strong evi-
dence that the disk radius reached the 3:1 resonance dur-
ing standstills in NY Ser. This implies that the disk ra-
2 These vsnet-alert messages can be seen at <http://ooruri.kusastro.kyoto-
u.ac.jp/pipermail/vsnet-alert/>.
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Fig. 4. Light curve of FY Vul using the ASAS-SN data. Somewhat less regu-
lar cycles of standstill—brightening—damping oscillation (IW And-type phe-
nomenon) can be seen, particularly in the upper panel. The vertical ticks
represents brightening terminating standstills. The final two standstills were
associated by brightening, but not followed by dips.
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Fig. 5. Light curve of ST Cha using the ASAS-SN data. The IW And-type
phenomenon was most prominent in this segment. The vertical ticks repre-
sents brightening terminating standstills.
4 Publications of the Astronomical Society of Japan, (2014), Vol. 00, No. 0
dius increased during these standstills and eventually
triggered the tidal instability at the 3:1 resonance. This
phenomenon in NY Ser suggests that the disk radius
can increase during standstills, possibly caused by re-
distribution of the surface density in the disk during
standstills. I consider that the similar situation could
happen in IW And-type objects: the standstill is initially
maintained in the inner part of the disk, and the disk
gradually expanded and thermal instability starting from
the outer part of the disk sweeps the entire disk down to
the quiescent state.
The referee of this paper suggested a possibility that
a decreasing mass-transfer rate can lead to a disk radius
increase when the disk is in a high state (as it is during
a standstill). I consider, however, this interpretation less
likely for several reasons: (1) Although the disk can ex-
pand in response to the decrease in the mass-transfer rate,
the surface density should decrease and the thermal in-
stability will become more difficult to start from the outer
disk. (2) Several IW And-type stars show regular cycles
characterized by recurrence times of tens of days. This
should require regular decrease in the mass-transfer rate,
which has not been observed in other systems and would
be difficult to produce. (3) The brightness during stand-
stills increases in some systems (most clearly seen in FY
Vul and ST Cha), which contradicts the idea of decrease
in the mass-transfer rate.
For these reasons, I prefer the original working hy-
pothesis that the thermal instability starting from the
outer part of the disk sweeps the entire disk even
with constant mass-transfer from the secondary by a yet
unidentified mechanism. In FY Vul, brightening from
standstills did not result the subsequent quiescent state
(figure 4). I consider that the cooling wave was not strong
enough to sweeps the entire disk, and that the system re-
turned to the original standstill state. It may be that the
disk in standstills may be related to the intermediate state
in the ‘S-curve’ of the thermal equilibrium curve [Meyer-
Hofmeister (1987); figure 9 in Osaki and Kato (2014), fig-
ure 6 in Meyer and Meyer-Hofmeister (2015)]. Further
theoretical study is needed to explain how the standstill
can be maintained in the inner part of the disk and why
IW And-type phenomenon is only seen in some Z Cam
stars.
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